Abstract Introduction
Introduction
Paracetamol poisoning is the most common pharmaceutical poisoning in developed countries including Singapore [1] [2] [3] [4] [5] . N-acetylcysteine (NAC) is an effective antidote. A standard intravenous (IV) dose of NAC (300mg/kg) is given over 21 hours, usually requiring admission to the hospital inpatient ward. In one paper, the admission rate from the Emergency Department (ED) for paracetamol poisoning was approximately 45% for an average duration of 3.1 days [2] . Locally, admission duration was comparable at three days [6, 7] .
Since its inception, observation units have been shown to be effective for the management of mild to moderate poisoning [8] . Protocol-driven emergency department observation units (EDOU) generally have a limited observation period of 24 hours, presenting a challenge to the administration of NAC [9] . However, studies have shown that management of paracetamol poisonings in an EDOU by a multidisciplinary protocol can help cut down hospital length of stay (LOS) [7, 10] . Although it is acknowledged that EDOU helps to decrease LOS and cost, there are no comparative studies on cost savings from the management of poisoning cases in EDOU versus inpatient admission [7, 9] .
Our hospital EDOU protocol for poisoning commenced in end-2011 [11] . Thereafter, paracetamol-poisoned cases requiring NAC may be managed in the EDOU or the inpatient wards. We conducted a study to compare the effectiveness, safety, and costs of managing these patients who were admitted to the EDOU with those admitted to the inpatient wards.
Materials And Methods

Study setting and population
Changi General Hospital is one of six public tertiary teaching hospitals in Singapore, with an annual estimated emergency department (ED) attendance of 150,000, representing about 15% of all ED attendances amongst the nation's public hospitals [12] .
NAC is started for paracetamol-poisoned patients with the possible risk of hepatotoxicity based on standard recommendations for both acute and repeated supratherapeutic ingestions (RSTI) [13] . Occasionally, empirically started NAC is stopped when subsequent assessment found it unnecessary.
Our EDOU poisoning protocols admits patients 12 years or older, who have features of poisoning that require treatment or extended observation and are deemed likely to improve within 24 hours based on the type of poisoning and predicted clinical course [11] . Patients who do not fulfill EDOU criteria, or present with unstable vital signs, any evidence of end-organ injury or concurrent medical issues deemed to require inpatient management are excluded. Our EDOU had nine beds, managed by an emergency physician (EP) and the team in rotating shifts with support from the toxicology service.
EPs decide on the disposition of patients presenting with paracetamol poisoning. A proportion of patients who fulfill the admission criteria to EDOU may get admitted to the inpatient ward instead. The reasons may include EP's unfamiliarity with the EDOU protocol, lack of EDOU beds and patient preference.
Management in the EDOU aims to complete clinical care and formulate a psychosocial care plan within 23 hours. Standard NAC therapy is given as required for paracetamol poisoning. Patients may be transferred to the inpatient medical ward if they require extended NAC therapy or further evaluation of other medical conditions. Following an initial assessment by psychiatry doctors in the EDOU, patients may be discharged with an outpatient psychiatry appointment or transferred to an inpatient psychiatric service. This inpatient psychiatric service could be at our hospital (hospital psychiatric facility) or at a nearby mental health institution (external psychiatric facility). Patients admitted to the inpatient medical wards are treated for their poisoning as above and undergo similar psychiatric evaluation and disposition as needed.
Study design and analysis
This is a historical controlled observational study of paracetamol poisoned patients presenting to our ED who were treated with at least a standard course of NAC either in the inpatient medical ward or EDOU.
Case Selection
All patients admitted to the hospital under the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code of 965 (poisoning by analgesics, antipyretics and antirheumatics) were obtained from computer records from January to December of 2011, 2013 and 2014. EDOU cases admitted under poisoning protocols in 2013 and 2014 were reviewed. Cases that did not involve paracetamol poisoning were excluded. We did not include 2012 as the EDOU had just started and the number of cases admitted there was low.
Cases selected for comparison: 1. received at least a standard 300mg/kg dose of IV NAC given over 21 hours for paracetamol poisoning and 2. met the criteria for EDOU admission. All inpatient ward admissions were reviewed by two study authors for consensus for the latter criteria. This allowed us to compare paracetamol poisoning cases of similar severity by excluding patients who are too ill for EDOU and patients who did not require NAC.
Patients with mildly elevated initial aminotransferase (AT) [either alanine aminotransferase (ALT) or aspartate aminotransferase (AST)] levels less than two times the upper limit of normal (ULN) were included in our study. This reflects the real-world practice at our institution, where we admit such patients to the EDOU. The mildly elevated AT may be due to conditions other than paracetamol poisoning [14, 15] . The transaminases of these patients were trended during the EDOU stay. Acute liver injury is defined as AT>150 IU/L and hepatotoxicity is defined as AT>1000 IU/L [16] . "Medical" LOS by hours is defined as the length of hospital stay from the time of admission to the time of hospital discharge, excluding time spent in any inpatient psychiatric facility. This does not include the time spent in the ED. This allowed us to compare the LOS required solely for the medical management of the patients. Patients in the EDOU group who were transferred to an inpatient medical ward for further management were analyzed with the EDOU group.
All data was entered directly into a standardized Microsoft Excel (Microsoft, Redmond, Washington, US) spreadsheet. A descriptive analysis was performed. Categorical data are presented as percentage frequencies, while continuous data are presented as medians with inter-quartile ranges (IQR).
Statistical analyses were performed with data analytic software on GraphPad (GSL Biotech LLC, Chicago, US). The level for statistical significance was set at p<0.05.
Financial Analysis
To calculate the financial cost of the hospital visit, we could not exclude the LOS when the patient was transferred under our hospital psychiatric facility. This is because the extraction of cost is based on the whole LOS duration in our hospital and hence, we reported it as "actual LOS" for the whole hospital stay, with the costs involved. This cost only includes expenses within the hospital stay and ends when patients were discharged or transferred out of the hospital. All costs are presented in Singapore dollars (S$).
The primary cost outcome was the bill size difference between the two cohorts. To compare across the years, the quantity for each service code was inflation-adjusted using a price list generated in March 2018 for each patient. A generalized linear model using the gamma family and log link was used to predict costs with cohort and LOS as independent variables. The choice of the gamma distribution was confirmed by the modified Park test. Several goodness-of-fit tests (Pearson correlation, Pregibon's link and the modified Hosmer-Lemeshow tests had insignificant p-values) indicated the acceptability of the log-link function. Using recycled predictions, the cost difference between the cohorts was computed assuming the same covariate balance in both groups. As the cost and LOS data was skewed, bootstrapped 95% confidence intervals (CIs) around the means are reported.
Results
Of the 153 ward admissions (91 cases in 2011, 36 in 2013 and 26 in 2014) identified under ICD-9-CM code 965 in the study period, 136 involved paracetamol poisoning. We found 220 EDOU admissions (66 cases in 2013 and 154 cases in 2014) under the poisoning protocol, of which 95 involved paracetamol poisoning. We used 78 cases ("ward" group) and 39 cases (EDOU group) for comparison. We excluded 58 patients from the "ward" group and 56 patients from the EDOU group. The reasons for their exclusion are found in Figure 1 below.
FIGURE 1: Patient inclusion and exclusion
NAC -N-acetylcysteine; AT -aminotransferase; ULN -upper limit of normal; EDOU -emergency department observation units Table 1 describes the demographics and characteristics of these patients. Comparison of the different groups (2 versus 4 and 3 versus 4) showed that they were similar in age and distribution, with no statistical differences in gender, race and presenting symptoms. We note that the majority of our patients ingested paracetamol for reasons of deliberate self-harm (81.3-100%). For the comorbidities studied in our cohort, we found only three cases of known alcohol dependence in the "ward" group. About half of the patients in both groups took co-ingestants, with similar rates of common co-ingestants like alcohol, caffeine, and orphenadrine. There was no significant difference in the median paracetamol dose ingested or the time of NAC initiation post-ingestion.
Four patients had liver injury with peak AT > 150 IU/L (described in Table 2 ). Two of the patients (patients 1 and 2) had initial AT that is slightly elevated but <2x ULN. The other two patients developed hepatotoxicity (patients 3 and 4). All the patients recovered well. There were no cases of liver failure requiring a transplant and there were no fatalities. EDOU -emergency department observation units; ALT -alanine aminotransferase; AST -aspartate aminotransferase; AT -aminotransferase; NAC -Nacetylcysteine; LOS -length of stay Table 3 describes the outcome of the patients after admission to inpatient wards and EDOU. Five patients (12.8%) were transferred from EDOU to the inpatient medical ward. Of these, two had extended NAC treatment, one for international normalized ratio (INR) of 1.4 without transaminitis and the other is described in table 2 (patient 4). The other three patients were admitted for (i) altered mental state secondary to orphenadrine, (ii) initial refusal for NAC in EDOU and (iii) right hypochondrial pain and raised INR without transaminitis respectively. "Medical" length of stay in the "ward" group was 55.2 hours, significantly longer by 31.9 hours compared to that in the EDOU group at 23.4 hours (p<0.0001). A subgroup analysis excluding patients with AT>150 IU/L did not show any difference for LOS ( Table 3) . Table 4 describes the average LOS (in days) and cost outcomes for the "ward" group and the EDOU group. We found a statistically significant savings of about S$784 (S$589-S$966) between patients treated in the EDOU compared to patients treated in the inpatient wards. Table 5 details the average costs stratified according to outcomes in both "ward" group and EDOU group respectively. Of note, when a patient is transferred to an external psychiatric facility, the cost of stay in the external psychiatric facility is not computed. Patients who required hospital stay under our hospital psychiatric facility tended to incur increased costs. 
Financial impact results
Average cost by outcomes
Discussion
We found a "medical" LOS reduction of 31.9 hours or 57.8% and cost savings (S$784 per patient) without increased adverse effects when eligible patient groups are admitted to the EDOU instead of the inpatient wards.
To ensure that the "ward" and EDOU groups were comparable, we selected patients who required at least 21 hours of NAC and were suitable for admission to the EDOU that were instead admitted to the inpatient ward. We included patients from 2011 as historical controls to detect any differences in admitted inpatients characteristics prior to the start of EDOU from 2012. We did not find significant differences between the various groups. This assures us that the "ward" and EDOU groups were comparable for patient outcomes and allowed valid cost comparison.
Compared to Tang's study [7] , the number of paracetamol-poisoned patients admitted to the hospital (ward and EDOU) was similar (77 and 76 per year respectively). The proportion of patients admitted to the EDOU showed a positive trend from 49% in 2013 to 75% in 2014 (70%). In both EDOU cohorts, the patients were young (median age <25), mostly female (more than 75%), had a median dose of 10g and had low rates of liver injury and hepatotoxicity. We also note that the majority of patients who ingested paracetamol did so for deliberate self-harm (81.3-100%), which is similar to the rates reported by another tertiary hospital [6] . This may be because our study population consisted mainly of those with single large ingestions (>95%).
Although our study cohort included patients where NAC was initiated more than eight hours after acute ingestion, those with large ingestions (dose >30g), as well as those with AT mildly elevated but <2x ULN at presentation, they did not affect the final results. These patients had an apparently higher risk of developing hepatotoxicity but they were distributed amongst both groups [16] . There were only four patients who developed liver injury and excluding them from the comparison did not affect the LOS estimate ( Table 2 and 3).
The "medical" LOS of patients in the "ward" group was 55.2 hours compared to the EDOU group at 23.3 hours, a significant finding on the background of rising healthcare costs and hospital bed shortage. A patient could save 31.9 hours (57.8% reduction) of admission if admitted to the EDOU instead of the ward. Tang et al. found a 65% reduction in LOS with an observation ward median LOS of 23 hours [7] . Beauchamp found LOS reduction of 27 hours for patients eligible for the observation ward but were instead admitted to the inpatient ward [10] . Offerman found that the LOS for patients with NAC was 67 hours [17] , which is comparable to our patients with ward admission at 55.2 hours. The EDOU patient has the necessary interventions expedited due to the streamlining of medical care, psychosocial evaluation within the 23-hour stay.
Despite the limitations of financial data abstraction where we were not able to quantify the cost incurred from inpatient hospital psychiatric facility stay separately, we found that EDOU admission resulted in a statistically significant savings of S$784 per patient. EDOUs have shown to result in LOS reduction and significant cost savings compared to inpatient care for a variety of medical conditions [9, 18] . Poisoning related studies have also shown cost savings when there was consultation with a toxicology service or poison center for poisoning. Isoardi et al. described a reduction in 1350 bed days and $2.25 million dollars over a period of two years at a tertiary hospital in Australia, following the establishment of a dedicated clinical toxicology unit [19] . Friedman et al. found that assistance by the poison center in Illinois reduced LOS by 0.6 days on average and potential savings of $2078 dollars per 10 patients [20] . Although the cost savings and LOS shortening in our study cannot be generalized to all poisonings, it shows that cost savings and reduced LOS can be achieved when patients are admitted to an EDOU with support from a toxicology service. Using our study cohort, we have an average of 39 patients a year (117 for three years). From this average, we extrapolate an annual savings of S$30576 for our hospital, from a savings of S$784 per patient.
The retrospective nature of this study exposes it to the biases of missing data and inaccurate coding. Our sample size is relatively small which limits the strength of our study results. Bias may have been introduced as one investigator was used to extract the data. Factors influencing the decision for EDOU or ward admission may not have been clearly documented, concealing possible confounders. We did not follow-up patient outcome after discharge although a previous study noted that delayed adverse poisoning effects were negligible [11] . Lastly, our single-centre study limits the generalization of our results to other centres that do not have a similar set up.
Conclusions
Our study suggests that selected patients with paracetamol poisoning that require a standard course of NAC can be safely and effectively managed in an EDOU supported by a toxicology service. There is cost savings and decreased LOS without an increase in adverse effects. Further studies are needed to verify our results.
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